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Appendix 1 
Final report on the project entitled,"Role ofMagnesium in essential hypertension" 
Introduction 
Beneficial role of magnasium supplementation in prevention of complications in coronary 
artery disease (Iseri,1984) in ischaemic heart disease (Altura, 1988) and in the treatment 
of patients with AMI ( Abraham, 1990 ) has been well documented. One study showed 
that magnesium supplementation reduced arterial blood pressure in patients with 
hypertension ( Dykner& Waster 1983 ). Renin profiling, nevertheless,has revealed higher 
and lower magnesium levels in low renin and high renin hypertensives respectively ( 
Resnick LM et a1 1983 ). The significance of this seems to be that the influence of 
magnesium intake on blood pressure may differ according to the underlying state of 
magnesium metabolism in hypertensive patients. These observations remain largely 
tmcon:finned. Recently it has been reported that a disordered metabolism of magnesium 
and calcimn ions is present in women with pregnency induced hypertension ( Singh, HJ 
1993) 
So the objective of this study was to investigate the magnesium status in serum, erythrocyte 
and in urine of untreated hypertensive patients. Work was further extended to investigate 
the relationship between serum and uriruuy magnesiwn levels,plasma renin activity ( PRA 
) and plasma renin concentration ( PRC ) in normotensive and age and sex-matched 
untreated hypertensives. 
Methodology : 
Subiects 
Male and female, divided into two groups 
Control group( n=34; male 17, female 17 ) / 
Hypertensive group ( n= 34 ; male 17, female 17 ) ,. 
from 20 to 60 year of age 
Race: 98% malay and 2% chinese 
Selection of cases and blood pressure measurement 
Patients were selected from out-patient department and also from blood bank. 
These patients were not diagnosed and treated for hypertension before. 
3 successive readings of arterial blood pressure were taken under identical 
conditions at an intetval of 6 hrs. 
Systolic BP> 150 mmHg, Diastolic BP > 90 mmHg 
Sample collection: 
15 m1 of venous blood obtained. 
Mg2+,Ca2+,Na+, K+ ~d creatinine were estimated in serum. 
Mg 2+ was also estimated in erythrocytes. 
Plasma was used for determination of Renin activity ( PRA ) 
and Renin concentration (PRC) 
Serum was also used for estimation of aldosterone and total 
protein concentration. 
( Renin was estimated by the rate of generation of angiotensin 1 (A1 ). 
A1 was detennined using RIA 
Urine collection 
24 hr. urine was collected. 
urinary excretion of all th' above electrolytes (Mg2+, Ca2+, Na+,K) 
and creatinine were estimated. 
Magnesium deterrnirultion: 
Erythrocyte, serum and urinary magnesium were detennined_ colorimetrically 
by using microflow spectrophotometer and ·commercially available reagents. 
GFR was calculated by using endogenous creatinine clearance. 
All the above tests were canied out in both nonnotensive and hypertensive subjects. 
Results and Discussion: 
No significant differences were evi~ent in serum ~d erythr?c~e magnesium concentration 
between the two groups. Senun sodium concentration was significantly higher in the 
hypertensive (146.9± 0.43 Vs 142.5±0.64) where as there were no significant differences 
in plasma aldosterone level between the two groups. 24 hr. urinary excretion of sodium and 
magnesium in hypertensive su~je:ts were lower ~o~pare to ~t of the nonnotensisubjects, 
but the differences were n~t signific~t.. Serum t~ed. calctum level was significantly 
lowerand total plasma protem wer~ s~can~ higher m hypertensive subjects. Low 
serumionised calcium in hypertensiVe patients ts probably due to more congugation of 
calcium with plasma protein. We do not however, have any explanation at this stage as to 
why total ptasma protein rises in ~ypertensives. In addition, we ~ere also unable to 
demonstrate a significant correlation ~etween PRA ~d magnestum concentration. 
Interestingly however, serum ~estum conc~ntratlon revealed a weak but significant 
inverse correlation with plasmarentn concentration [ r= - 0.39; P< 0.05] 
Results of the above parameters are shown by bars comparing with the control in the 
figure 1 to figure 17. Significant differences have been shown by p value. 
Summanr of results: 
a) No significant differences were evident in serum and erythrocyte magnesium and serum 
potassium concentration between the two groups. 
b )Serum sodium concentration was significantly higher in untreated hypertensive patients. 
c )Daily urinary excretion of sodium and magnesium were lower in patients with essential 
hypertension. · 
d)No significant differences were evident in urinary excretion of calcium and potassium 
between the two groups. · 
e) No significant differences were evident in serum aldosterone level between the two 
groups. 
f) Serum ionised calcium was significantly lower in subjects with essential hypertension. 
g ) Total serum protein was significantly higher in subjects with essential hypertension. 
h) No significant differences were evident in creatinine clearance between the two groups. 
I ) Plasma renin activity (PRA) did not show any correlation with serum magnesium and 
serum 
calcium concentration in hyr ertensive subjects. 
j ) Serum magnesium concentration showed a significant negative correlation with 
plasma renin concentration (r=-0.39; p < 0.05) 
Conclusions 
1. Our observations fail to confinn a definite relationship between magnesium and 
hypertension 
or between magnesium and renin activity. 
2. The data however, confinns previous reports of decreased serum ionised calcilUll in 
some hypertensives, probably secondary to a raised serum protein concentration. 
3. Indicates a probable disturbed calciwn , sodimn and perhaps magnesimn metabolism 
in some hypertensives. 
4. The precise nature of the disturbance is unclear and it is also not clear at this stage 
whether these observations are a consequence of raised blood pressure or a cause of the 
hypertension. 
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SERUM TOTAL AND IONISED CALCIUM IN UNTREATED HYPERTENSIVE WOMEN 
MF Karim & HJ Singh. Dept. Physiol. Sch. Med. Sci. USM 16150 Kubang Kerlan, Kelantan 
Although a number of epidemiological studies have indicated an· inverse relationship between 
dietary calcium intake and high blood pressure, results of direct analysis of serum calcium in 
humans have been conflicting. We therefore measured serum total calcium, ionised calcium, 
sodium, potassium and magnesium concentrations in untreated. essential hypertensive women 
(n=12) and normotensive women (n=9). Twenty-four hour urinary excretion of these cations was 
also determined. 
Whilst serum total calcium concentration was not different between the two groups, serum 
ionised calcium was, however, significantly lower in women with hypertension (1.16 ± 0.02 vs 
1.22 ± 0.03 mmol/1 ; p< 0.05). Serum sodium concentration was significantly higher in women 
with hypertension (147.7 ± 0.93 vs 142.6 ± 0.56 mmol/1; p< 0.0001). The concentrations of 
potassium and magnesium in serum were not different between the two groups. Twenty-four 
hour urinary calcium and potassium excretions were not different between the two groups but 
urinary sodium and magnesium excretions were however significantly lower in women with 
hypertension ( 80.9 ± 15.2 vs 145.8 ± 21.9 mmollday: p<0.01 and 1.72 ± 0.34 vs 3.06 ± 0.41 
mmol/day ; p<O.OS for sodium and magnesium respectively). 
. 
I! therefore appears tha~ a disturbance in calcium and sodium metabolism is present in women 
with essentia: hypertension. It is however uncenain if this is a consequence of the raised biood 
pressure or as corroborated by a number of other studies, a cause of this disorder. 
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PLASMA RENIN AND DIVALENT CATIONS IN 
UNTREATED ESSENTIAL HYPERTENSIVES 
HJ Singh, :MF Karim, RG Sirisinghe & AR Rashid* Dept Physiol and Dept 
Med *, Sch. Med Sci., Unil~ Sains Malaysia, 16150 Kuhang Kerian, Kelantan. 
The role of calcium deficiency in the pathogenesis of hypertension has remained 
controversial as conflicting reports appear in the literature (1,2). A probable 
reconciliation was provided by Resnick et al ( 1) vvho found clinical evidence of 
calcium deficiency in only those with a low-renin fom1 of hypertension. Their 
observations, however, have not been confirmed. We therefore investigated the 
relatio~ship between plasma renin activity (PRA), plasma renin conce~tration 
(PRC) and serum calcium and magnesium concentrations in male and female 
untreated essential hypertensives (n=3l) and age and sex-tnatched normotensives 
(n=31) 
Appro;amately 15 rnl of venous blood was collected fron1 all subjects who had 
been seated for about 30 n1inutes prior to the collection. Plasn1a renin.activity 
and plasma renin concentration were estimated as angiotensin I generated per 
hour in the absence and presence of exogenous substrate (nephrectomised sheep 
plasana) respectively. Angiotensin I was determined by RIA and serum electrolytes 
were determined spectrophotometrically. 
No significant differences were evident in mean PRA and PRC between the two 
groups. fvlean serum ionised calcium concentration, however, was significantly 
lower in hypertensives (1.18 ± 0.01 vs 1.23 ± 0.01mmoll·1 in hypertensives 
and normotensives respectively). Serum total calciun1 and tnagnesiutn 
concentrations were not significantly different between the two groups. 
Co;relation of PRA and PRC with serun1 electrolytes revealed a weak Inverse 
correlation with seriun tnagnesiutn only (_r =- 0.39~ p<0.05). 
In conclusion, these observations confirm the observed lower serum ionised 
calcium in some essential hypertensives (3) but they however fail to demonstrate 
a direct relationship between serum calcium and PRA or between PRA and 
serum magnesium concentration. Instead, we find a weak negative correlation 
between PRC and serum magnesium concentration. The reason for this 
relationship or the lower serun1 ionised calcium in essential hypertensives in this · 
study is not apparent. 
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MAGNESIUM AND PLASMA RENIN IN ESSENTIAL 
HYPERTENSION 
MF Karim 11, HJ Singh 11, Abdul Rashidt and RG Sirisinghe 11 
Departments of Physiology 11 and Pharmacology t 
School of Medical Sciences, Universiti Sains Malaysia, 
16150 Kubang Kerian, Kelantan, Malaysia. 
Studies investigating magnesium status in hypertellDives have reported 
conflicting results. Considerable overlap exists between serum magnesium 
levels among normotensives and hypertensives. Renir .. profiling, neverthe-
less, has revealed higher and lower serum magnesium levels in low-renin 
and high-renin hypertensives respectively. The significance of this seems to 
be that the influence of magnesium intake on blood pressure may differ 
according to the underlying state of magnesium metabolism and may only 
significantly benefit some, but not all, fonns cf clinical hypertension. These 
observations remain largely unconfirmed. To investigate this relationship 
we measured serum and urinary magnesium levels and plasma renin activity 
(PRA) and plasma renin concentration (PRC) in normotensives (n=34) and 
age and sex-matched untreated hypertensives (n=34) subjects. 
A ~proximately 15 mls of vena, .s blood was collected from all the subJects 
wrio had been seated for abou. 30 minutes prior to the collection. Plasma 
renin was estimated by RIA for angiotensin I and electrolytes were measured 
by spectophotometry. 
No significant differences were evident in serum and erythrocyte magnesium 
concentrations between the two groups. Serum sodium concentration was 
significantly higher in the ~ypertensives (146.9 ± 0.43 vs 142.5 ± 0.64). 
Urinary sodium and magnesium were slightly but non-significantly lower in 
the hypertensives. PRA and PRC were not significantly different between 
the two groups. In addition we were also unable to demonstrate a 
significant correlation between PRA and serum magnesium concentration. 
Interestingly howerver, serum magnesium concentration revealed a weak but 
significant i:Uverse correlation with PRC (r = -0.39; p<0.05). 
1n conclusion, these observations fail to confirm a definite relationshin 
between serum magnesium and systemic blood pressure or between PM 
and serum magnesium. The significance of the correlation between PRC ancr 
serum magnesiUIU remains unclear. 
NCMS Karim M.F-1 6 May, 1995 
Page l/1 
Paper presented: 
National Conference on Medical Sciences 
School of Medical Sciences 
Universiti Sains Malaysia 
Kubang Kerian, Kelantan 
11 - 12 June 1995 
SERUM CALCIUM ~~D PLASMA RENIN ACTIVITY IN UNTREATED 
ESSENTIA~..J HYPERTENSIVES 
HJ Singh. lV1F Karim, RG Sirirsinghe & Abdul Rashid* Dept Physiol and Dept Phann * 
Sch lvfed Sci. Universiti Sains lvfalaysia 16150 Kelantan 
Considerable consternation exists regarding the role of calcium in hypertension. Reduced 
serum calcium has not been consistently demonstrated in all hypertensives. An unconfmned 
study (I) reports of lower serum ionised calcium in low-renin tbnn of hypertension. We 
therefore investigated the relationship between plasma renin activity and (PRA), plasma renin 
concentration (PRC) and serum total and ionised calcium in normotensives in age and sex-
matched hypertens~ves. In addition 24 hour urinary excretion of calcium was also determined. 
Venous blood (15ml) was coUected from all sub_iects ·who had been seated fa: about 3( :ninutes 
prior to the collection. Piasma renin was determined by RIA for angiotensin 1 and ca1c1um 
and sodium were determined spectrophotometrically. 
PRA and PRC did not differ significantly between the two groups. Similarly, no significant 
differences were evident in serum total calcium or sodium between the two groups. Serum 
ionised calcium however was significantly lower in hypertensives ( 1.23 ± 0. 01 vs 1. 18 ± 0. 01 
mmoll-'; p < 0.05). No significant correlation was however observed between PRA or PRC 
and serum total or ionised calcium concentrations. 
The data however confirm the observed lower serum ionised calcium in some essential 
hypertensives but fails to demonstrate a direct relationship between serum calcium and plasma 
renin activity. 
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METHODS F0R COLLEC71~N A 14 HOUR URINE SAM?~~. 
Ins~ru~~ion t0 subjec~s. 
A 24 hour ur!ne sample is 
24 hc•t!l-s. 
~he ~otal amoun~ of urine produced in 
1~ ~tart your ~ollec~i~n on~ day be~ore v~ur da~~ of appoinment. 
·:·f t.!1C... t. .-,::.. ·.: .... ~.·. (· T" r-• .... 
~/"~~1.1 ~!~ ::-.-:• -=-~~~ -:~:til~-c ~\r~d ~mt·~.l )t-:.,u:- b:.?.=~del'"' •. ·_::r .:.r-1ate j. Thl~C•t·J -:r!lS 
ss.m}:,.fo: a.t-:ay. 
,3} All urine passed after ~his must be ~0l:e~ted in the =cn~ai~er 
pr~vided. Y~u ccn~inue to de this un~il :c sm ~he next day.ti.~ 
the date of your appcintmen~J. 
4) On th~ da~e cf vour 3ppointment presen~ yourE~lf to ~he cl!~ic 
at 8.30 am i~ the morning. ~oge~h9r with ~he urine con~alner. 
: .. ·c;L~r a?.""m vein. 
6} A• 10 am. ycu cn~e agsin go ~o ths ~cilet ~= comple~e vour 
sallection. The ~rine that vo~ passed must b~ re~ain~d and pu~ 
in~o the ~ontainer. 3eturn ~he :on~5iner: c0ntsining ~he urine t0 
th~ ap~rooriat~ staff. 
f\f.:.te 
knot.J 
"l·:;ur 
if ~vOU 
.iet ~he 
sar::p:i..e. 
s-:aff 
~ ... ~ I . 
~~r.:'"' rr :-.j4'~j""ll'. -rA-.. -. -··-
....... ·.f'~.L .-.&.:.'~'...%~ 1 ,,1 ···:.:..; '\1• ... : pt:r-.1TC-:ii. -,,~.f 
.. -- - .... _- -•t .,.j-.~a.-1'1-.J. - .L,:.~_t..J ."1.!.'-:.:." 
UN!VERSIII SAIN2 MA~AYSIA 
KUBA!·lG I(ERIAN KELANTAN 
Arahan kepada subjek. 
Sampel urin 24 jam adalah 
.24 jam. ~um:ah urin yang dihasilkan aa1am ma.::.a 
1) Mulakan pengu~pulan UYin sehar! sebel~m ~ar~kh ~em~janji an~a. 
membuanz air kecii. Samp~l ~~in ini perlu dio~angkan . 
.::: .: lC~s~nE..:3 u~~ir:: y:.ng: -~i!~~·li_:c.rke.n s-::lep~s. ~-::a.:--:":u ird h·=:r-:.j::;·:lc.l·~ 
dikumpul~an ke da:am bekas .yang diberi, setinggalat p~k~l l0.~C 
pagi k~eEokkanr::ya lhari Lemujanji,. 
~~ Pada ~arikh ternujanj14 an1a dikehsndati menghadirka~ di~! .... ~-
j,. .L- ~ r:· J." 1- VPI·" -.- j a P'. ~- u 1 .::. ':I.-. ::· ..... = -~- .L.: 1:;:=-_rc::e_'!~.'t.::. rl_ •. ;::._no_;.; r.. i-..::. __ 1: ~_:::. n .. ,A -~ ...... -· . r-. .J. ~ ¥-. ~-..... "J J-'0.' lw:. '- ::;>. -··~· • - _.., ...,_, ... , ..... ·... ~ 
~i Sele~as waktu ini darah vena akan jiambil se~a~ya~ 1~ ~l. 
6~ Tepat paaa puku1 ~~.00 pagi anda ciketenaaki pergi ke ~an~a2 
~~tuk rnemungu~ s3rnpal ~rin ~uat ka!i tera~hir.Kembalikan be~35 
urin anda ~epada kaki~ang~n bertugaz. 
N·=·t2 
Sekarang anda sudah membu~t pern~nguta~ urin selama 24 jam. Seki-
ranva anda ~elah tErlupa.rnemungut atau tsrbuang urin~ 2nda h~n­
daklah memberi~~hu kaki~angan berkenaan. 
